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METHOD OF BONDING A CONDUCTIVE ADHESIVE AND AN 
ELECTRODE, AND A BONDED STRUCTURE OBTAINED THEREBY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of bonding 
a conductive adhesive and an electrode together, and the 
bonded structure obtained thereby. More, particularly, 
the present invention relates to a method of electrically 
and mechanically bonding a surface mount device to a land 
electrode using a conductive adhesive and the resulting 
bonded structure. 

2. Description of the Related Art 

Surface mount devices are sometimes bonded to a land 
electrode on a mother substrate using a conductive 
adhesive in place of solder. The conductive adhesive 
comprises an organic binder (e.g., a thermosetting epoxy 
resin) and a conductive filler (e.g., Ag particles). 

In order to mount the surface mount device on the 
land electrode, the surface mount device is adhered to 
the land electrode with the conductive adhesive provided 
therebetween, and then both components are pressure - 
bonded together and heated to cure the conductive 
adhesive so as to electrically and mechanically bond the 
surface mount device to the land electrode. As a result 
of this process, the conductive filler particles 
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contained in the conductive adhesive are connected to one 
another in a form of chain to produce a conductive path, 
thereby obtaining conductivity between the land electrode 
and the surface mount device. 
5 While the foregoing process results in a secure bond 

between the surface mount device and the land electrode, 
the conductive adhesive absorbs moisture which will cause 
a defective bonding at the interface between the 
conductive adhesive and the land electrode when the 
10 bonded structure is allowed to stand in a high-humidity 

□ atmosphere in a pressure cooker test or the like, thereby 

,[n causing an increase in the electric resistance of the 

;Ji bonded portion. For example, when the pressure cooker 

Si 

U test is performed for 100 hours, the resistance value is 

m 

Q 15 at least ten thousands times as large as the initial 

resistance value. 

CO Japanese Unexamined Patent Publication Application 

! S S No. 7-179832 discloses a method of achieving bonding with 

O high reliability using such a conductive adhesive. The 

20 method comprises forming low-melting-point metallic 

layers on the surfaces of the conductive filler 
particles, curing a binder resin contained in the 
conductive adhesive and, and at the same time, melting 
the low-melting-point metallic layers on the surfaces of 
25 the conductive filler particles to fusion-bond the 

conductive filler together. As a result, bonding with 
high reliability can be obtained due to fusion-bonding of 
the metal particles of the conductive filler. 
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This prior art structure has two major drawbacks. 
It is costly because of the need to utilize a special 
conductive filler wherein low-melting-point layers are 
formed on the surfaces of the metal particles. 
5 Additionally, it does not address the problem of 

connection reliability at the interface between the 
conductive adhesive and the land electrode. 


SUMMARY OF THE INVENTION 

Accordingly, a main object of the present invention 
10 is to provide a method of bonding a conductive adhesive 

and an electrode together which is capable of achieving 
good electrical bonding between the conductive adhesive 
and the electrode. 

Another object of the present invention is to 
15 provide a bonded structure having high reliability and 

good electrical bonding. 

In accordance with an aspect of the present 
invention, there is provided a method of bonding a 
conductive adhesive and an electrode together comprising: 
2 0 coating a conductive adhesive containing a 

conductive filler and an organic binder on at least a 
surface of an electrode formed on a substrate; and 

melting at least the surface of the electrode to 
form a fusion-bond between the surface of the electrode 
25 and the conductive filler; and 

curing the organic binder contained in the 
conductive adhesive to electrically and mechanically bond 
the conductive adhesive and the electrode together. 
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In this method, the surface of the electrode is 
melted and fusion-bonded to the conductive filler, and 
thus the metal particles of the electrode surface and the 
conductive filler are fusion-bonded together with the 
5 conductive filler entering the surface of the electrode, 

thereby bonding the conductive adhesive and the electrode 
together with high reliability and good electrical 
properties . 

In the method of bonding the conductive adhesive and 

10 the electrode of the present invention, a thermosetting 

resin is preferably used as the organic binder, and thus 
heating the conductive adhesive and the electrode under 
predetermined heating conditions causes the surface of 
the electrode to be melted and fusion-bonded to the 

15 conductive filler contained in the conductive adhesive 

and causes the organic binder to be thermally cured to 
bond the conductive adhesive and the electrode together. 

The surface of the electrode preferably comprises a 
low-melting-point metal material which can be melted 

20 under the above heating conditions. 

In order to obtain the surface of the electrode, a 
layer can be formed on the surface of the electrode by 
plating a low-melting-point metal material. 

The conductive filler contained in the conductive 

25 adhesive preferably comprises scale-like conductive 

filler particles. The scale-like conductive filler 
particles easily enter the surface of the electrode, 
thereby enhancing the bonding strength between the 
conductive adhesive and the electrode. 
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When the surface of the electrode is melted, at 
least a portion of the conductive filler contained in the 
conductive adhesive is also melted. As a result, the 
conductive adhesive and the electrode are bonded 
5 together, and the respective conductive filler particles 

are fusion-bonded together to decrease the resistivity of 
the conductive adhesive, thereby obtaining excellent 
electrical properties . 

In accordance with another aspect of the present 
10 invention, there is provided a method of bonding a pair 

Q of electrodes having a conductive adhesive, the method 

r>j comprising: 

; t 1 coating the conductive adhesive containing a 

Q conductive filler and an organic binder on at least a 

m 

iy 15 first electrode formed on a surface of a first substrate; 

;; Ba adhering the conductive adhesive formed on the first 

i!Q electrode to a second electrode formed on a surface of a 

' s 5 second substrate; 

f.t : 

p melting at least the surfaces of the first electrode 

2 0 and the second electrode to form a fusion-bond between 

the surfaces of the first and second electrodes and the 
conductive filler contained in the conductive adhesive; 

and curing the organic binder contained in the 
conductive adhesive to electrically and mechanically bond 
2 5 the conductive adhesive and the first and second 

electrodes together . 

In this method, the surfaces of the first and second 
electrodes are melted and fusion-bonded to the conductive 
filler, and thus the metal particles of the surface of 
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each of the electrodes and the conductive filler are 
fusion-bonded together with the conductive filler 

entering the surfaces of the electrodes. As a result, , > 

the first and second electrodes are bonded together via 
5 the conductive adhesive with high reliability and good 

conductivity. 

In accordance with a further aspect of the present 
invention, there is provided a bonded structure formed by 
any one of the above -described methods of bonding a 

10 conductive adhesive and an electrode. In this bonded 

structure, the conductive filler contained in the 
conductive adhesive and the electrode are fusion-bonded 
together with the conductive filler entering the surface 
of the electrode, thereby achieving good electrical 

15 bonding with high reliability. 

The above-described objects and other objects, 
characteristics and advantages of the present invention 
will be made apparent from the detailed description of 
preferred embodiments below with reference to the 

2 0 drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present 
invention will become apparent from the following 
description of the invention which refers to the 
2 5 accompanying drawings. 

Fig. 1 is a drawing illustrating conductive bonding 
performed by a conductive bonding method of the present 

■■ j 
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invention. Only one electrode is bonded to the 
conductive filler in this figure. 

Fig. 2 is a drawing showing the relations between 
the bonded structure and the initial resistance value, 
5 etc. of each sample in Example 1. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

A conductive adhesive used in the present invention 
contains at least a conductive filler and an organic 
binder. By way of example, a thermosetting epoxy resin 

10 can be used as the organic binder and scale -like silver 

particles can be used as the conductive filler. The 
organic binder preferably has a curing temperature close 
to the melting point of the electrode surface (preferably 
a plated layer located on a base layer of the electrode) 

15 to which the conductor adhesive is adhered. 

In order to mount a surface mount device on a first 
electrode formed on a surface of a substrate, such as a 
mother substrate or the like, the conductive adhesive is 
preferably first coated on the first electrode and then 

2 0 the surface mount device is adhered to the electrode. 

Particularly, a second electrode formed on a surface of 
the surface mount device and the substrate are adhered to 
each other with the conductive adhesive provided 
therebetween. More generally, first and second 

2 5 electrodes are coupled together using the conductive 

adhesive. 

In the preferred embodiment, a plated layer made of 
a low-melting-point material, for example, Sn-Pb or the 
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like, is preferably formed on the surface of a base layer 
each of the first and second electrodes. Then, the 
electrodes and the conductive adhesive are heated under 
predetermined heating conditions to melt the low-melting- 
5 point material of the surfaces of the first and second 

electrodes and to fusion-bond the low-melting-point 
material and the conductive filler together. At the same 
time, the thermosetting organic binder is cured to firmly 
fix the conductive adhesive and the electrodes to one 
10 another. 

4f As a result, the conductive filler 10 (Fig. 1) 

i,y contained in the conductive adhesive, layer 12 enters the 

L"; plated layer 14 defining the surface of each of the 

electrode 16 to electrically bond the conductive adhesive 
Uj 15 layer 12 and the electrode 16 together as shown in Fig. 

L 1. Furthermore, the organic binder contained in the 

ftj conductive adhesive layer is cured to mechanically bond 

!r } the conductive adhesive layer and the electrode together. 

;^ In this way, the plated layers forming the surfaces 

20 of the electrodes are melted, and the conductive filler 

contained in the conductive adhesive enters the plated 
layers to strongly bond the conductive adhesive and the 
electrodes together. Also, the conductive filler enters 
the plated layers to increase the contact area between 
25 the plated layers and the conductive filler, thereby 

enhancing bonding strength due to an increase' in the 
bonding area and decreasing conduction resistance. 

Furthermore, since the contact area at the interface 
between each of the plated layers and the conductive 
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filler is increased to increase the bonding strength, 
less moisture or the like enters the interfaces between 
the conductive adhesive and the electrodes, thereby 
significantly improving moisture resistance at the 
5 interfaces. Furthermore, since each of the electrodes 

preferably comprises an element assembly made of copper, 
silver or the like, and the plated layer defining the 
surface thereof is made of a low-melting-point material, 
bonding with high reliability can be obtained without 
10 using an expensive special conductive filler. 

Q Indeed, the bonding between the conductive filler 

i.p and the electrode in accordance with the present 

!jj invention is better than that obtained in the prior art 

Q process wherein the conductive adhesive contains a 

hj 15 conductive filler comprising Ag particles having surfaces 

L, coated with Sn layers of a low-melting-point metal. In 

Kl that prior art process, the Sn layers on the surfaces of 

u 

,H the conductive filler are melted at a usual heating 

j-f temperature while the Ag electrode is not melted. As a 

20 result, a metal compound such as Ag 3 Sn or the like is 

formed on the surface of the Ag electrode to bond the Ag 
electrode and the conductive filler together. However, 
the bonding strength is low when bonding is performed 
only by formation of the foregoing metallic compound. In 
2 5 contrast, the conductive filler of the present invention 

enters the plated layer, and the low-melting-point metal 
of the plated layer and the conductive filler of the 
conductive adhesive layer are fusion-bonded together with 
the result that the mechanical strength of the conductive 
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filler itself is added to bonding strength to obtain 
higher strength. 

EXAMPLES 
EXAMPLE 1 

The various types of plating shown in Table 1 were 
performed on a surface of a copper electrode formed on a 
substrate to prepare samples for testing. An epoxy 
conductive adhesive containing a scale-like Ag filler was 
coated on each of the samples. The content of the Ag 
filler in the conductive adhesive was 80% by mass, and 
the particle diameter of the Ag filler was 5 to 10 /xm. 
As shown in Table 1, the adhesive was bonded to the 
plated surface of the electrode under two types of 
heating conditions, namely, a first temperature which 
melted the plated layer, and a second temperature which 
did not melt the plated layer. Then, the initial 
resistance values of the bonded portions were measured to 
obtain the results shown in Table 2. Fig. 2 shows a 
section of each of the bonded portions which shows either 
the presence or absence of fusion-bonding. In Table 2, 
the presence of the mark 0 in the evaluation column 
indicates that fusion-bonding between the epoxy 
conductive adhesive and the plated layer of the electrode 
surface was observed, and the presence of the mark X in 
the evaluation column indicates that fusion-bonding was 
not observed. 
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Table 1 



Pi ^ i~ "i Tin 

forming 

Electrode 

surface 

M<=»"| r "i na nni n 1~ 

11 C J. L» _L 1 IVj Jw' \-/ X 11 U 

of Plating 
Material (°C) 

Heat ina 

Condition 

(°C) 

Heat inci 
Time 
(mm) 

1 

Sn-48In 

117 

110 

5 

2 



150 

5 

3 

Sn-58Bi 

139 

130 

5 

4 



150 

5 

5 

Sn-3 7Pb 

183 

150 

5 

6 



200 

5 

7 

Sn 

232 

150 

5 

8 



250 

5 


Each of the samples was subjected to a humidity 
standing test to measure changes in resistance value. 
The humidity standing test was carried out by allowing 
each sample to stand under conditions of a temperature of 
15 85°C and a humidity of 85% RH for 500 hours. The changes 

in the resistance value of each sample are shown in Table 
2 . 


00521336.2 


- 12 - 


Table 2 


Plating of 
electrode 
(heating 
temperature) 

Presence 
of 

fusion- 
bonding 

Time of standing in humidity (85°C, 
85%RH) 

Evalu- 
ation 

0 hour 

100 
hours 

300 
hours 

500 
hours 

Sn-3 7Pb 
{150°C) 

No 
melting 

0.0058 Q 

0.0548 Q 

0.3815 Q 

0.3559 Q 

X 

Sn 
( 150 °C) 

No 
melting 

0.0074 Q 

0.0279 a 

0.0931 Q 

0.2881 Q 

Sn-48In 
(150°C) 

Melting 

0.0048 Q 

0.0031 Q 

0.0034 Q 

0.0037 Q 

0 

Sn-58Bi 
(150°C) 

Melting 

0.0031 Q 

0.0025 Q 

0.0028 a 

0.0026 Q 

Sn-37Pb 
(200°C) 

Melting 

0.0019 Q 

0.0019 Q 

0.0020 Q 

0.0020 Q 

Sn 
(250°C) 

Melting 

0.0034 Q 

0.0040 Q 

0.0041 Q 

0.0044 Q 


y] Table 2 indicates that at the temperature at which 

Ld 

!3 the plated layer forming the electrode surface was not 

\\i 2 0 melted, fusion-bonding between the conductive adhesive 

Q and the electrode was not obtained, while at the 

s.fi 

^ temperature at which the plated layer was melted, fusion- 

^ bonding between the conductive adhesive and the electrode 

was obtained. Table 2 also indicates that in the samples 
25 in which fusion-bonding was not obtained, the resistance 

value increased in the humidity standing test even with 
the low initial resistance value. This is possibly due 
to the fact that moisture entered the interface between 
the conductive adhesive and the electrode. In contrast, 
3 0 in the sample in which fusion-bonding was obtained, the 

resistance value did not significantly increase even in 
the humidity standing test. 
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EXAMPLE 2 

The various types of plating (331-48111, Sn-58Bi, Sn- 
37Pd plating) shown in Table 2 were applied on an 
external electrode of a monolithic ceramic capacitor 
5 having a size of 2.0 x 1.25 x 1.25 mm to form samples. 

Each of the samples was bonded to a copper electrode 
formed on a substrate with a conductive adhesive 
containing the same filler as Example 1 under the heating 
condition shown in Table 3. A plated layer was formed on 
10 the copper electrode using the same plating method as 

that used on the external electrode of the monolithic 
capacitor . 


Table 3 


Sample 
No. 

Product 

Surface of electrode 

Heating 
condition 
in mounting 
(°C) 

Heating 

time 

(min) 

9 

Monolithic 

ceramic 

capacitor 

Sn-48In plated electrode 

150 

5 

10 

Sn-58Bi plated electrode 

150 

5 

11 

Sn-37Pb plated electrode 

150 

5 

12 

Sn-37Pb plated electrode 

200 

5 


2 0 In the samples in which bonding was performed under 

a heating temperature higher than the melting point of 
the plating (i.e., in the monolithic ceramic capacitors 
comprising a Sn-48In plated electrode and a Sn-58Bi 
plated electrode and heated at 200°C) , fusion-bonding was 

2 5 observed between the conductive adhesive and the external 

electrode of the monolithic ceramic capacitor, and 
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between the conductive adhesive and the plated layer of 
the substrate electrode. However, in those samples in 
which bonding was performed at a temperature which is 
lower than the melting temperature of the plating (i.e., 
a Sn-37Pd plated electrode and heated at 150°C) , fusion- 
bonding was not observed. 

When the conductive filler contained in the 
conductive adhesive comprises a material such as solder 
particles or the like, which melt at low temperature 
(i.e., at a temperature at or below the curing 
temperature of the organic binder) , both the plated layer 
formed on the electrode and the conductive filler 
contained in the conductive adhesive are melted during 
curing of the adhesive. Therefore, fusion-bonding is 
easily obtained, and a large effect can be expected. 
Furthermore, when the conductive filler comprises solder 
particles, the production cost of the conductive adhesive 
can be decreased. 

The conductive adhesive is not necessarily 
thermosetting, and, for example, it may be ultraviolet 
curable. In this case, the adhesive can be cured by 
ultraviolet irradiation, and then heated to fusion-bond 
the conductive filler contained in the adhesive and the 
plated layer of the electrode together. 

In accordance with one aspect of the present 
invention, in mounting a surface mount device on an 
electrode on a substrate, a plated layer formed on the 
electrode is melted, and a conductive filler contained in 
a conductive adhesive enters the plated layer to increase 


the bonding area, thereby increasing bonding strength. 
By using scale-like particles for the conductive filler 
as in the preferred embodiment, the conductive filler 
easily enters the melted plated layer. Also, the bonding 
strength at the interfaces between the electrode surface 
and the conductive filler surfaces can be improved to 
prevent moisture from entering the adhesive/electrode 
surface interfaces to improve moisture resistance. 
Furthermore, the conductive adhesive containing a special 
conductive filler need not be used (although it is 
permissible to use such fillers) , thereby obtaining good 
characteristics without an increase in production cost. 
Furthermore, by using the conductive filler comprising a 
low-melting-point metal material layer or a low-melting- 
point metal material, both the plated layer and the 
conductive filler are easily fusion-bonded together by 
melting. Therefore, by using such a bonding method, a 
bonded structure having high reliability can be obtained. 

Although the present invention has been described in 
relation to particular embodiments thereof, many other 
variations and modifications and other uses will become 
apparent to those skilled in the art. It is preferred, 
therefore, that the present invention be limited not by 
the specific disclosure herein, but only by the appended 
claims . 


